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AERONAUTIC SYMBOLS 
I. FUNDAMENTAL AND DERIVED UNITS 



Length. 
Time__- 
Force.-- 

Power_ - 
Speed- _ 



Symbol 



I 
t 

F 



P 
V 



Metric 



Unit 



meter 

second 

weight of 1 kilogram- 



horsepower (metric) _ 
fkilometers per hour. 
\meters per second _ _ 



Abbrevia- 
tion 



s 

kg 



kph 
mps 



English 



Unit 



foot (or mile) 

second (or hour)__ 
weight of 1 pound 

horsepower 

miles per hour 

feet per second 



Abbrevia- 
tion 



ft (or mi) 
sec (or hr) 
lb 



hp 

mph 

fps 



2. GENERAL SYMBOLS 



w 

9 

m 
I 



S 

G 
b 
c 

A 
V 

L 
D 
Do 
Di 

O 



Weight— mg 

Standard acceleration of gravity=9.80665 m/s^ 
or 32.1740 ft/sec' 

Mass=— 

g 

Moment of inertia=mfc^. (Indicate axis of 

radius of gyration k by proper subscript.) 
Coefficient of viscosity 



e Kinematic viscosity 

p Density (mass per unit volume) 

Standard density of dry air, 0.12497 kg-m-^-s^ at 16° C 

and 760 mm; or 0.002378 Ib-ft"* sec^ 
Specific weight of ''standard'' air, 1.2255 kg/m^ or 

0.07661 Ib/cuft 



3. AERODYNAMIC SYMBOLS 



Area 

Area of wing 
Gap 
Span 
Chord 

Aspect ratio, ^ 
True air speed 

1 rr9 

Dynarmc pressure, 



Lift, absolute coefficient Cl=^ 



D 



Drag, absolute coefficient ^'0=^^ 



Induced drag, absolute coefficient C^^^ 



Proffie drag, absolute coefficient (7z>o=^ 
Parasite drag, absolute coefficient C^dp=-^ 

Q 

Cross-wind force, absolute coefficient Cc=^ 



iu, Angle of setting of wings (relative to thrust line) 
it Angle of stabilizer setting (relative to thrust 
line) 

Q Resultant moment 
Q. Resultant angular velocity 

VI 

R Reynolds number, p-^ where Z is a linear dimen- 
sion (e.g., for an airfoil of 1 .0 ft chord, 100 mph, 
standard pressure at 15® C, the corresponding 
Reynolds number is 936,400; or for an airfoil 
of 1.0 m chord, 100 mps, the corresponding 
Reynolds number is 6,865,000) 

a Angle of attack 

€ Angle of downwash 

ao Angle of attack, infinite aspect ratio 

ai Angle of attack, induced 

Angle of attack, absolute (measured from zero- 
lift position) 

7 Fhght-path angle 
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EFFECTS OF SMALL ANGLES OF SWEEP AND MODERATE AMOUNTS OF DIHEDRAL ON 
STALLING AND LATERAL CHARACTERISTICS OF A WING-FUSELAGE COMBINATION 
EQUIPPED WITH PARTIAL- AND FULL-SPAN DOUBLE SLOTTED FLAPS 



SUMMARY 

Tests of a wing-fuselage comhinatioii incorporating NACA 
65-series airfoil i<ections were conducted in the NACA 19-foot 
pressure tunnel. The investigation included tests with flaps 
neutral and unth partial- and full-span double slotted flaps de- 
flected to determine the erffects of (1) variations of wing sweep 
between —4° (^'^d 8° on stalling and lateral stability and control 
characteristics and {2) variations of dihedral between 0^ and 
6.75^ on lateral stability characteristics. 

Deflection of the flaps noticeably reduad dihedral effect. 
Sweepback increased considerably the effective dihedral and de- 
creased the adverse effect of flap deflection on dihedral effect; 
sweepforward reduced the effective dihedral and increased, the 
adverse effect of flap deflection. More favorable variations of 
elective dihedral with lift coefficient were obtained with 
sweepback. 

Stalling characteristics were less satisfactory with sweepback 
than with normal sweep or sweepforward in that the point of 
initial stall moved outboard, but increased maximum lift coeffi- 
cients were noted for every flap condition. Aileron effective- 
ness was reduced about 10 percent with sweepback and flaps 
neutral but varied little with sweep with tht flaps deflected. 

Agreement with theory was noted for the effect of changes in 
dihedral angle on lateral stability characteristics. The test 
results showed that the change in slope of the curve of rolling- 
moment coefficient against angle of yaw vms approximately 
0,00026 per degree change in geometric dihedral angle. 

INTRODUCTION 

Many of the effects of sweep and diliednil on lateral sta- 
bility have been determined in previous theoretical and 
experimental investigations. (See, for example, references 
1 and 2.) However, the applicability of these results to air- 
planes having wings of low-drag sections and/or equipped 
with such high-lift devices as double slotted flaps is uncertain. 

In order to provide information relative to this problem, 
tests were conducted in the NACA 19-foot pressure tunnel 
on a wing-fuselage combination provided with partial- and 
full-span double slotted llaps and incorporating NACA 
65-series airfoil sections. The investigation, conducted at 
a Reynolds nuin])er of approximat(»ly 3X10^, included stall- 
ing and latci-al-stabilily and control tests covei'ing a rangi' 
of sweep angle from —4° to 8° and a range of dihech'al angle 
from 0° to ().7r)° with (la])S neutral and defleclcd. 



MODEL AND. APPARATUS 

The model used for the ])resent tests was the bare wing 
and fus(»lage of a 0.237r)-seal(» mod(»l of an attack-bomb(M' 
airj)lane. The wing of tlu* model foi- the normal-swee]) 
condition is of NACA ()r)(2H))-215, a = ().8 section at the 
root and NA(\\ Gr)(2ir))-2ir), ^=0.5 s(H'tion at the tip. 
The root incidence is 2° with respect to the fuselage i-el'er- 
ence line and the tij) incidence is 1°. The g(U)metric washout 
is 1° and the corresponding aerodynamic washout is approx- 
imately 1.3°. The aspect ratio is 9.08 and the taper ratio 
is 2.21. Xo wing-fuselag(^ fillets were us(»d for th(»se t(»sts. 
General views and pri?ici|)al dinuMisions of the niodc*! are 
given in iigui'e 1 . 

Th(» wing sweep was ehang(Ml by rotating each panel about 
an axis on the 20-percent chord line and ')A j)ercent of the 
semispan outboard of the plane of symnu^tiy. At the normal 
dihedral angle of 4.5°, three* sweej) s(»ttings w(M'e t(*st(Ml: 
noi-mal sweep (20-percent chord line straight), sweepforward 
(— l()-|)(M'cent chord line straight), and s\veepback (110- 
percent chord lin(* straight). The swcM^p of tin* 2r)-j)erc(Mit 
chord line for the three conditions was approximately —1°, 
— 4°, and 8°, respectively. 

The dihedral setting of the wing was changcMl by i-otating 
each ])an(»l about an axis located on the 2()-j)ereenl chord line 
and 7.6 percent of the semispan outboard of the plane of 
symmetry. Three dihedral settings, 4.5° (normal dihedral), 
0°, and 6.75°, were tested at the normal sweep. All juech- 
anism to change the wing sweep and dihedral angle was 
housed within the wing and fuselage. 

The model was equipped with^double. slotted ila])s ex- 
tending from the fuselage to 65 percent of each semispan. 
The deflection was 55° for all runs with tin* fla])s deflected. 
Flap details are given in figure 2. 

The full-span-flap installation consisted of the double 
slotted partial-span flaps and ^'flaperons'^ or flap-aih^rons. 
Flaperon details are given in figure 3. In the configurations 
with flaps retracted and partial-span flaps deflected, the 
aileron is of the simple slotted type. For the configuration 
with full-span flaps deflected, the aileron hinge point was 
moved rearward and down, the ailerons were drooped 25°, 
and vanes were installed ahead of the ailerons. For the 
ailerons-d(»flected tests, the ailerons won) deflected diflVi'- 
entially from the neutral positions of 0° and 25°, right 
aileron up 12° and left aileron down 0..')°. The vanes 

1 



2 
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remained fixed in relation to the wing when the drooped aile- 
rons were deflected. The deflections correspond to ap- 
proximately 60 percent of full deflection of the sealed ailerons 
used on the airplane. 

The investigation was carried out in the NACA 19-foot 
pressure tunnel with the air in the tunnel compressed to an 
absolute pressure of 35 pounds per scjuare inch. The model 
was mounted on the single-strut support system (fig. 4), 
which for these tests permitted an angle-of-attack range 
from —9° to 16° and an angle-of-yaw range from —30° to 
30°. Force and monu^nt characteristics were measured by a 
six-component, electrically recording balance system. Roll- 
ing moments were also measured by a resistanc(*-typ(^ 
wire strain gage mounted on the support strut. Rolling 
moments measured by the strain gage have been presented 
in ])i (»ference to those measured by the balance system. 

TESTS 

The w^ing-fuselage combination was tested with the flaps 
neutral and partial- and full-span flai)s deflected at each 
of the three sweeps^ — normal, forward, and back. These 
tests were made w^ith the wing dihedral in the normal posi- 
tion, 4.5°. Each configuration was tested at zero yaw with 
the ailerons neutral and difl'erentially deflected through the 
available angle-of-attack range. At several constant angles 
of attack, yaw tests were made through a range of angle of 
yaw from —6° to 28°. In addition, staU studies were made 
for each configuration. The action of wool tufts attached to 
the upper surface of the wing and flaps was recorcUnl by means 
of sketches, photographs, and motion pictures. 

With the wing sweep in the normal position, the model 
was tested with tlu^ flaps neutral and partial- and full-span 
flaps deflected at dihedral angles of 0° and 6.75°. Eacli 
configuration was tested at zero yaw with ailerons neutral 
through the available angle-of-attack range and an angle-of- 
yaw range from —6° to 28° at the same constant angles of 
attack used in the sweep tests. 

For each of the several flap deflections, therefoic, pitch 
and yaw tests were made to give com])arable results for 
three sweep conditions at the normal dihedral setting and for 
three dihedral settings at the normal sweep. 

Because of structural limitations of the model and su])])()i t 
system, the tunnel airspeed was changed with flap deflection. 
The test dynamic pressures and corresponding Reynolds 
and Macli numbers are as follows: 



Model configuration 


Dynamic 
pressure 
(Ih/sq It) 


Reynolds 
number 
(approx.) 


Mat-h 
number 
(approx.) 


Flap 
deflection 
(cleg) 


Aileron 
droop 
(deg) 


0 

55 
55 


0 
0 
25 


50 
35 
30 


3. 6 X 10« 

3.1 

2.8 


0. 12 
.10 

.09 



The changes in Reynolds and Mach numbers are believed to 
be sufficiently small that the results may be compared 
directly. 

COEFFICIENTS AND SYMBOLS 

The coefficients and symbols are defined as follows: 



Cl 


lift coefficient (^^~^^ 




Cd 


drag coefficient {D/qS) 




Cy 


lateral-force coeflScient (Y/qS) 




Cm 


pitcliing-moment coefficient (M/qS') 




a, 


yawing-nionieiit eoeflicient (A^lqSb) 




c, 


rolling-moment coefficient {LIqSb) 




a 


angle of attack with res])ect to Fusc^lage r( 
line, degrees 


ference 




angle of yaw, degrees 




r 


dihedral angle, degrees 






slope of curve of rolling-moment coefficient against 




angle of yaw (dCj/d^) 






slope of curve of yawing-moment coefficient against 


angle of yaw {dCn/dip) 






slope of curve of lateral-force eoeflicient 


against 




angle of yaw {bCylc^i) 




5 


control deflection, degrees 




R 


Reynolds number 




M 


Macli number 




where 








dynamic pressure, pounds per square foot 




b 


wing span, feet 




S 


wing area, square fe(»t (normal sweep. 


'30.488 




sq ft; sweepforward, scj ft; sweepback, 




29.722 sq ft) 




c 


mean aerodynamic chord (l.i)2() ft) 




D 


drag 




y 


lateral force 




M 


pitching moment 




N 


yawing moment 




L 


rolling moment 




Subscripts 




a 


aileron 






()r)-])ercent-span double slotted llaj)s 




r 
1 

tfUlX 


right 
left 




maximum 

RESULTS AND DISCUSSION 





All data are referred to the stability axes, of which the 
Z-axis is in the plane of symmetry and perpendicular to the 
relative wind, the A"-axis is in the plane of symmetry and 
perpendicular to the Z-axis, and llu^ )"-axis is perpiMidiculai* 
to the plane of symmetry. 

Moments were computtnl about center-of-gravity locations 
25 percent behind the leading edge of the mean aerodynamic 
chord and 5.3 percent of the mean aerodynamic chord above 



EKl'KCTS Ul<' .SWKKP AXU miJEUKAL ON STALLING AXL) LA'l'EKAL CH ARACIKHISTICS 



3 




//O-penzenf chord ilne straight ^ sv^eeobacK position 
20-percent chord /ine straight, ncrma/ s ^eep oosit/on 
'/0-percent chord /ine straight ^ Si^eep for //ord posit/on 



■ ^V/'ng reference line ot S.73° dihedrey/ 
~Wing reference line afW.5° dihedra/ 
-Wing reference fine at\0° dihectro/ 




Span at 4.5'' Jihedra/ ^ /99. 5 "- 



145.9 



Flap refracted 




Fiwi HK 1.— Win^'-fusolapo coinbination. 

r/ap deflected 56'* 

Wing reterencc line —j 



F/op reference Ime 
■ ^ 75 percent wing chord 




^ 75 -percent yv/ng chords 



Fir.URE 2,— Details of n.Vpcrcont-span double slotted llap on vvinn-fuselage eombiiiation. (Dimensions are jriven in percent wing chord, Maps retracted.) 



Norma / posif/'on 
-Wt'ng reference /ins 



/drooped position 




-Aileron reference tinei 
Neutral position; O 



Hinge po/nf 



75'percent 
yving chord 



— Aileron re Terence //ne; Neafro/ posiHon ; Down ^5 ^ 

Figure 3.— Details of flap-ailcrou on wiug-fuselage combination. Aileron travel, up 20° from neutral and down 15° from neutral. (Dimensions are given in percent of normal wing chord. 
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(b) Roar view. 

—Wing-fuselage combination niduntcd on single-strut support system in XACA ly-fool pressure tunnel. (>o-percent-span double slotted (laps deflected 55°. 
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- 20-percenf chord /me at normal s\A/eep> 

^ CG pos'fficn 
□ Ya\A/ trunnion 

Norma/ sweep 

.^A C , ^3 /65 




T 

n— T— oj 

D^-i- ^. i 

^1 Y P'uss Jo^o r 5 ferine 5 hn^ 




Sweep for ware/ 

/ A c jas /as 


1 

€59 ► 


*/.9lA 




S^eepbock 

MA C.J 23. ie5 



7/7- 



Fuselage r ^^ferer^ce , 



VuiVnK />.- Skrleto/j-win^r fJiapram showlnp lo(raMons of niran aorody/uunic chfjn). Jrunnion, 
and fc^nlor of gravity. (All diiiionsioiis aro in inches.) 

the I'usclago ivlVrenco line. Figure 5 shows llie eU'ect of 
sweep on the location of the mean aerodynamic chord and 
corres])onding assumed center-of-gravii}^ locat ious. It should 
be noted tliat the vertical location of the center of gravity 
remained constant with variations in dihedral. 

The angle of attack, drag coefficients, and rolling- and 
yawing-moment coefficients due to deflected ailerons have 
been corrected for jet-bonndary effects. Since all results 
are essentially comparative, no tare eoncvtions have been 
applied. 

For convenience in locating the results, table I is included. 

LONGITUDINAL CHARACTERISTICS 

Lift and drag. Tiie ed'eels of ciianges in sweej) and dihe- 
dral on lift and drag are shown in figures 6 and 7, respectively. 

For every flap deflection, the greatest angle of stall and 
the highest value of Cl^^^^ were noted for the configuration 
with sweepback. Although this efl'ect differs from that 
normally expected for sweptback wings, it should be empha- 
sized that the amount of sweepback in the present tests was 
relatively small. Possibly contributing to the effect of 



delayed stall in the case of the sweptback wing were de- 
creased inflow and slower progression of stalling. A very 
slight decrease in the lift-curve slope was measured with 
sweepback for every flap deflection; whereas, with the full- 
span flaps deflected, sweepforward showed a slightly higher 
lift-curve slope than normal sweep. Because the section 
profiles were altered when the wing sweep was changed, the 
angle of attack for zero lift was changed with sweep. Sweep- 
back caused the angle of attack for zero lift to be shifted 
positively. Slightly higher increments of lift coefficient 
(hie to partial- and full-span-fla|) deflection were measured 
w^ith sweepforward. Swec^pback showed a slight reduction 
in drag coefficient at moderate^ and high lift coefficients. 

Increasing the wing dihedral increased Cl^^ slightly. 
^Vith partial- and fidl-span flaps (lcflect(»d, sliglitly lower 
drag was measured with the snudh'st dihedral. 

Pitching moment. — As shown in figure 6, the slopes of ihe 
pitching-mouKMit-coefficient curves an^ practically unaffected 
by small angles of sweep. These pitch ing-moment coefficients 
were computed about center-of-gravity locations 25 percent 
of the mean aerodyiuunic chord })ehind the leading edge of the 
mean a(M*odynami(' chord and at a fixed location abov(^ the 
fuselage reference lin(\ It should be noted that the introduc- 
tion of sweep on a particular airj)lane might have a beneficial 
(»nVct on the static longitu(final stability because of an effec- 
tive rearward shift of tin* aerodynamic c(Miter with iH^spiH't to 
the cent(M' of gravity. 

Stall. St ailing characlei"is( ics geiu'rally became less (h^sir- 
able as the wing was swept hnck. 'I'hc ed'ect of s\v(»ep on the 
stalling characteristics as shown by the tuft Ix^havior is pre- 
sented in figures 8 to 10. The effect of sweep with flaps 
n(Mitral is shown in figure S. It is se(MV that the point of 
initial stall moved outboard with sweepback. In the con- 
figuration with sweepforward, stalling started at the wing- 
fus(dage jinicture and moved ou( board; in tlie configin-aiion 
with noi-mal sweep, staUing starlinl at approxinuitely .")() per- 
cent of the semispan whereas, with sweepback, stalling 
started at 60 to 85 ])erc(Mit of tlu* sc^mispan and sj)read 
inboard and outboanL 

Stalling occurred in a|)pr()ximately the same mannei' wIkmi 
the ()5-p(M*cent-span flaps w(M'e (ledected (fig. 0). Strong in- 
flow over and ahead of the aih^-ons was noted in each sw(h*|) 
configuration. 

Tli(^ effcM't of swe(»j) on the stalling cha i-nct (M'istics with the 
full-span flaps (l(^flect(Ml is shown in (igurc 10. In tlu* con- 
figuration with normal swec^j) and full-span (laps (lefl(M't(Hl, a 
stalled condition extending to S5 pei'cent of the semispan 
occurred very j-apidly. Stalling again started at the wing- 
fuselage juncture on the configuration with sweepforward 
and full-span flaps deflected An almost sudden stall over 
the outboard 50 percent of th(> semispan occurred with 
sweepback. 

For the configurations with normal sw^ee]) and sweep- 
forward the flaps, which were stalhul at low angles of attack, 
tended to unstall and remain unstalled throughout the high- 
lift range. Flow behind the flap brackets w^as always poor; 
in addition, though the flap breaks were sealed, stalling 
occurrcnl at th(^ flaj) junctures. 
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Figure 6.— Variation of Co, «, and Cm with Cl for several sweep and (lap configurations. r=4.5°. 
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Figure 8.— Stall diimraiiis for several sweep eonditions. 5 ,,.=0°; h„ = \\'^\ r = 4.n°; /f^ ;i.()Xin«; AA^O.l'i. 
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LATERAL C H A R A C T E IM S F I C S 

The results of the tests to delei ininc the effect of swee]) on 
aileron control are prc^scMitcd in fignre 11. Rolling-moment, 
yawing-moment, and lateral-foree eoc^ffieients due to aileron 
deflection have been corrected for model asynunetry. The 
yaw-test data are presented in figures 12 to 17 and cross plots 
showing the most significant results are given in figures 18 
and 19. 

Effect of flap deflection on Ci^. — Deflection of the double 
slotted (laps caused a. not icejible reduction in effective dihedral 
(fig. 19). For the normal-sweep condition, the loss m Ci^ was 
approximately 0.00065 or about 2}^° effective dihedral and 
was affected only slightly by a change in flap span. The 
effect of partial-span split flaps on Ci^ was found to be negli- 
gible (reference 2). It appears, therefore, that the effects of 
flap deflection on Ci^ d(^])en(l upon the type of flap under 
consi(l(M;ation. 

Effect of sweep on aileron effectiveness. — With the flaps 
neutral, sweepback caused a reduction in aileron eft'ectiveness 
amounting to approximately 10 percent, whereas a slight 
increase in aileron effectiveness was noted for the configura- 
tion with sweep forward. There was little diflerence in 
aileron eft'ectiveness with sweep for the two arrangements 
with flaps deflected. Little differences in yawing moment 
due to aileron deflection with sweep were noted. Yawing 
moment due to aileron deflection was adverse with flaps 
neutral, became favorable with partial-span flaps deflected, 
and was more adverse with the full-span flaps deflected. 

Effect of geometric dihedral on (7/^. — The variation in 
dilu^dial (effect C\ with dihedral F is shown in figure 18. 
The change m Ci^ per degree* dihedral change averaged 
ap|)r()ximately 0.00020, which is the value i)i'cdict(*d by 
th(H)ry (reference 1). 

Effect of sweep on Ci^, — As shown in (igui'c 19, sweei)- 
back increased the effective dihedral for all flap conditions. 
The increase in eft'ective dihedral afforded by the change 
IVom sweepforward to sweepback vaiied from less than 2° 
for llaj)s r-(*tract(Hl and high spt^ed to fiioi-c than 9" for full- 
span Haps (U'llectcd and low speed. 

Swee])back noticeably reduced llie loss in eH'ecliNc dihe- 
dral causc^d by defhu'tion of the full-s|)an llaj)s. The loss 
(lu(> to dedection of the full-span llaps ax'craged approxi- 
mately 4°, 2%^, and 1° for sweepforward, normal sweep, and 
sweepback, rc^spcH'tively. The cond)ination of sweepfor- 
ward and full-span flaps deflected resultiMl in an (effective 
dihedial of approximately —1°. 

A furtluM- advantage* of swee^pback is shown by the fact 
(liat tlu' (^trective dihedral inci'cases with lift coefficient for 
all three (lap conditions with sweepback. Inasnnich as the 
adverse effect of jjower on diluulral effect ordinarily iiwreases 
with decreasing airspeed, a favorable power-off variation 
of Ci^ with Cl as shown by the sweptback wing would be 
highly desirable. With normal sweep and swe(*pforward, 
Ci^ renuiined essentially constant over the Cz,-range for the 
two arrangements with fla|)s deflected; with flaps retracted, 
however, a less d(*siral)le variation existed; that is, C de- 
creased with increasing lift coefficien.t. 

Directional stability. A consistent incr(Mis(» in the un- 
stable directional-stability slope of the wing-fus(4age 
combination accompanitnl increasing dihedral. The in- 



stability increased with angle of attack. This effect is pre- 
dicted and explained in reference 1. Because the contribu- 
tion of the fuselage and the wing-fuselage interference eft'ects 
were not determined, no correlation can be made between the 
theoretical and test values of (7„^ as affected by dihedral. 

Th(» effect of sweep on was small and irregular. Flap 
deflection geiUM'ally causcnl C„^ to iiu'reas(v, though th(» effect 
was small. 

Lateral force. — Cy^ was found to increase slightly with 
dihedral and angle of attack; flap deflection, liowever, almost 
completely erased the eflVct. SwcH'p ai)parently had no 
eft'ect on Cy^. 

CONCLUSIONS 

Wind-t uiuiel t(^sts of a wing^fuselage cond)ination in- 
corporating NACA 65-series airfoil sections were made to 
determine the effects of small angles of sweep and moderate 
amounts of dihedral on stalling and lateral characteristics. 
The following conclusions may be drawn from the results of 
these tests: 

1. Sweepback caused an aj)precial)le increase in positive 
dihedral effect ; sweepforward eauscMl a i-eduction. 

2. The increase in dihedral effect caused by sw^eepback 
varied favorably with air speed, in that it increased with lift 
coeffici(Mit. 

.*). ]>)cfl(»cti()n of double slotted flaps resulted in a no( ice- 
able reduction in effective dihedral; sweepback decreascMl and 
sweepforwai'd increas(Ml this effect. 

4. Sweepback moved t he [)oint of init iai stall out board and 
caused a slight increase in niaxinuim lift coeflicient. 

f). Sweepback caused a reduction in aileron effect iveness of 
approximately 10 |)ercent with flaps neutral. With paitial- 
or full-span flaps deflected, sweep caused no noticeable change 
in ail(M*on (»flVctiveness. 

(). Standard theoretical methods for |)redicting the effects 
of diiiedral changes on lateral- and directional-stability de- 
I'iva fives ap[)ear valid and unaff(M*t(Ml by changers in wing 
section, l^'or the wing plan for-ni us(m1 in the pr(»s(Mit tests, 
an i!icrease in the la t ei'al-sta bili 1 v deiivative (',, of ().()()()2() 
|)er degree change in geometi-ic dihedi-al angle was noted. 
Increasi/ig dihed/al inc/-eased ihc di/'eclional instabilily of 
the wing-fuselage eond)ina t ion . 

7. The effects of dihedral on the I'emaining acM'odynamic 
characteristics aj)peare(l to be unini|)ortant. The |)resent 
tests indicated a slight increase in the value of maximum lift 
coefficient with increasing dihedral. Increasing diluMlral 
also caused a slight iiu*reas(» in th(» valu(» of tin* lateral-force 
derivative Cy^ with flaps retracted; lit lie effect was noted 
with flaj)s (l(»flecte(l. 

Langley Memorial Aeronautical L.vhoratorv, 
National Advisory Committee for Aeronautics, 
Langlky Ftkld. Va., April 15, 1944- 
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Angle of attach. Rolling-moment Yawinq-moment Laterol-force Pit ching- moment 

cr,deg coefficient, d coefficients coefficient, Cy coefficient. Cm 



(a) 6/g5=0°; 6a^ = -12°; 6a, = 9.3°; /f«3.GXlO«; A/«U.12. 

(b) 5/^5=55°; 5 -12°; 5„,=9.3''; /?«3.1X106: M«0.10. 
(c) 6/g5=55°; 6a^= 13°; 5„,=34.3°; /?«2.8X10«; Af«0.()9. 
Fioi'RE 11.— Effect of sweep on aileron control. r=4..'>°. 



05 




00 




Angle of youv,y/. deg 

(a) a=-5A°. (b) a = 2.0°. 

Figure IT.-Variation of C„, Ci, Cy, Cm, and Cl with ^ for three sweep conditions. 6/..=o5°; 5a, = 5a, = 25°; r = 4.o°; /?«2.8X10": Af^O.OO. 
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Figure 18.— Variation of with r for various flap conditions. Normal sweep. 
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TABLE I.— PRESENTATION OF DATA 



Tyi)e of (lata 


Coefficients 


Figure 


^'65 

(deg) 


(deg) 


6«, 

(deg) 


(deg) 


(deg) 


Sweep 


Maxiimini lift 


Ci), a, ami Cm afjainst Cl 


6 


0 
55 
55 




0 
0 
25 


0 
0 
25 


Range 


4.5 


Normal, forward, 
and back 


7 


0 
55 
55 


0 
0 
25 


0 
0 
25 


0, 4. 5, 
and 
6. 75 


Normal 


Tuft study 




» 8 


0 


0 


0 


Range 


4.5 


Normal, forward, 
and back 


« 9 


55 


0 


0 


« 10 


55 


25 


25 


Aileron circctivc- 
ncss 


a, Cl, Cn, Cy, and Cm 
against Cl 


11(a) 


0 


-12 


9.3 


Range 


4.5 


Normal, forwanl, 
and back 


11(b) 


55 


-12 


9.3 




11(0 


55 


13 


34.3 


Lateral stahilil y.... 


Cn, Cl, Cy, and Cl 
against ^ 


12(a) 


0 


0 


0 


0.3 


0, 4. 5, 
and 
6. 75 


Normal 


12(b) 


0 


0 


0 


5.7 


12(c) 


0 


0 


0 


11. 1 


13(a) 


55 


0 


0 


-6.0 


13(b) 


55 


0 


0 


1.7 


13(c) 


55 


0 


0 


6.0 


14(a) 


55 


25 


25 


-5.4 


14(b) 


55 


25 


25 


2.0 


Lah'ral slahilit y . - 


Cn, Cl, Cy, C„„ and Cl 
against ^ 


16(a) 


0 


0 


0 


0.3 


4.5 


Normal, forwanl, 
and back 


15(b) 


0 


0 


0 


5.7 


15(c) 


0 


0 


0 


11.1 


16(a) 


55 


0 


0 


-6.0 


16(b) 


55 
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0 
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6.0 


17(a) 


55 


25 
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" stall diagrams. 

Ooss plot of figs. 12 to 14. 
c Tro.ss plol of figs. 15 to 17. 
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Positive directions of axes and angles (forces and moments) are shown by arrows 
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symbol 
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P 
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Pitching 
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Absolute coefficients of moment 
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Angle of set of control surface (relative to neutral 
position), 8. (Indicate surface by proper subscript.) 



4. PROPELLER SYMBOLS 



D Diameter 

p Geometric pitch 

p/D Pitch ratio 

Inflow velocity 
F, SUpstream velocity 

T Thrust, absolute coefficient Ct 



P 



Q 



Q Torque ; absolute coefficient ^Q— ^^jy, 



n 



Power, absolute coefficient Cp= 

Speed-power coefficient = 
Efficiency 

Revolutions per second, rps 
Effective helix angle =tan"^^2~^^ 



6. NUMERICAL RELATIONS 



1 hp =76.04 kg-m/s=550 ft-lb/sec 
1 metric horsepower =0.9863 hp 
1 mph= 0.4470 mps 
1 mps=2.2369 mph 



1 lb=0.4536 kg 

1 kg=2.2046 lb 

1 mi= 1,609.35 m = 5,280 ft 

1 m=3.2808 ft 



